The influence of chelate ligands in the formation and nature of bis(dihydrogen) units of OsH 4 -complexes has been studied. The classical trihydride OsH 3 {κ 2
INTRODUCTION
Chemistry of transition metal complexes is ligand dependent. Probably, nothing illustrates that better than polyhydrides of platinum group metals. 1 Ligands have under control the interactions between the coordinated hydrogen atoms and between the latter and the metal center. According to their strength, the compounds are classified in four classes: classical hydrides (>1.6 Å), compressed dihydrides (1.6-1.3 Å), elongated dihydrogen (1.3-1.0 Å) and Kubas-type dihydrogen (1.0-0.8 Å). 1, 2, 3 Although the limits between them are vague, recent studies have demonstrated that the compounds of each class have different chemical nature and therefore different chemical behavior. Thus, for instance, we have recently shown that the compressed dihydride [OsH 2 (C 6 H 4 pyPh)(P ence. 8 The OsH 4 -compounds are particularly exciting. They have been grouped into classical tetrahydrides, 9 dihydridedihydrogen derivatives, 10 and bis(dihydrogen) species. 11 The latter are the most interesting from a conceptual point of view, without a shadow of a doubt, and also the scarcest. With Bu 2 ), which has been described as a bis(elongated dihydrogen) species with two equal H-H bonds of 1.11 Å, 11b both coordinated molecules form Kubas-type dihydrogen ligands which can be sequentially displaced by coordinating solvents. 11a,d In this context, it should be however mentioned that the behavior of this type of compounds in usual organic solvents has been little studied.
One of the most direct and simple procedures to prepare OsH 4 -complexes is the protonation of trihydride derivatives. For terdentate ligands, it has been proved that the nature of the resulting species depends upon the geometry of these groups. Thus, while hydridotris(pyrazolyl)borate-and bis(2-aminoethyl)amine-type ligands favor octahedral osmium(II)-bis(dihydrogen) derivatives with N-Os-N angles close to the ideal value of 90º; 11a,c cyclopentadienyl, 10c pentamethylcyclopentadienyl, 10b,d
1,4,7-triazacyclononane, and 1,4,7-triazacyclodecane 11c stabilize dihydride-elongated dihydrogen-osmium(IV) species in four-legged piano stool or pentagonal bipyramidal environments. The protonation of trihydride compounds containing a bidentate ligand has received significantly less attention; in part due to the lower stability of the resulting cationic OsH 4 -species. 12 There is a type of ligands that have received great attention in the last years, in particular in homogeneous catalysis, those called cooperative. The presence of free electrons in a noncoordinated atom allows them to participate directly in a σ-bond activation stage and subsequently to perform a reversible structural change in the process of product formation. 13 An example is the acyl-NHC ligand of complex OsCl{κ 2 -C,C-[C(O)CH 2 ImMe)]}(P i Pr 3 ) 2 (Im = imidazolylidene), which catalyzes the generation of H 2 , by means of both the alcoholysis and hydrolysis of pinacolborane (Scheme 2). 14 
Scheme 2. Alcoholysis of Pinacolborane Catalyzed by OsCl{κ 2 -C,C-[C(O)CH 2 ImMe)]}(P i Pr 3 ) 2
Our interest in the reactions of protonation of osmium(IV)-trihydride complexes, prompted us to compare the protonation of trihydride derivatives with chelate observer-type groups, which subtly govern the nature of the resulting species without participating directly in the process, with the protonation of a trihydride derivative containing this acyl-NHC ligand, in order to know the behavior of the basic heteroatom and to determine the role of the acyl group in the formation of the resulting species. As chelate observer-type ligands, we selected an orthometalated 2-phenylpyridine group and the aryl-NHC ligands of complexes OsH 3 (κ 2 -C aryl ,C NHC )(P i Pr 3 ) 2 . The latter have proven to stabilize bis(Kubas-type dihydrogen) derivatives (Scheme 3). 11d
Scheme 3. Synthesis of Bis(dihydrogen) Derivatives Stabilized by aryl-NHC Ligands
This paper shows that chelating ligands, which act as a spectator, determine the behavior in solution of the osmiumbis(dihydrogen) complexes whereas the oxygen atom of the acyl-NHC ligand prevents their formation. In addition, we report the first Kubas-type dihydrogen -elongated dihydrogen osmium derivative and the first hydride compounds displaying nonclassical interactions which are stabilized by Fisher-type carbene ligands.
RESULTS AND DISCUSSION
Formation of a Kubas-type Dihydrogen-Elongated Dihydrogen Complex: Protonation of a Trihydride Compound Containing an Orthometalated 2-Phenylpyridine Group. Classical trihydride OsH 3 {κ 2 -C,N-(C 6 H 4 -py)}(P i Pr 3 ) 2 (1) is a Brønsted base. At least one of its hydride ligands is responsible for this character. At room temperature the addition of 1.0 equiv of HBF 4 ·OEt 2 to dichloromethane solutions of 1 produces the protonation of one of the hydride ligands. The addition is accompanied by the reduction of the metal center from osmium(IV) to osmium(II). Both processes give rise to the Kubas-type dihydrogen-elongated dihydrogen derivative [Os{κ 2 -C,N-(C 6 H 4 -py)}(η 2 -H 2 ) 2 (P i Pr 3 ) 2 ]BF 4 (2), which was isolated as a yellow solid in 85% yield (Scheme 4).
Scheme 4. Protonation of Complex 1 with HBF 4 ·OEt 2
Complex 2 has been characterized by X-ray diffraction. Figure 1a shows a view of the cation of the salt. The coordination polyhedron around the osmium atom is the expected octahedron for a saturated d 6 -species, with trans-phosphines (P(1)-Os-P(1A) = 163.07(4)º). The perpendicular plane is formed by the chelate ligand, which acts with a C(1)-Os-N(1) bite angle of 77.46 (17) º and the dihydrogen ligands. The orientation of the latter with regard to the P-Os-P direction depend upon the donor atom situated trans to the coordinated H 2 molecule. The dihydrogen ligand disposed trans to the nitrogen atom (H(01)-H(02)) lies in the perpendicular plane along with the C,N-chelate ligand, with the hydrogen atoms separated by 1.13(6) Å, whereas that situated trans to the carbon atom (H(03)-H(03A)) is disposed almost parallel to the P-Os-P direction, with the hydrogen atoms separated by 0.88(2) Å. The DFT-optimized structure (Figure 1b) confirms the nonclassical interaction between the hydrogen atoms bonded to the metal center and the Kubas-type dihydrogen-elongated dihydrogen character of the OsH 4 unit. The calculated values for the H-H bond lengths agree well with those obtained by Xray diffraction analysis. According to them, the nature of H(01)-H(02) (0.989 Å) appears to be an elongated dihydrogen, which lies in the border with a Kubas-type dihydrogen, while H(03)-H(03A) (0.886 Å) is a Kubas-type dihydrogen.
The 1 H NMR spectrum of 2, in dichloromethane-d 2 , is temperature dependent. Between 283 and 213 K, the dihydrogen ligands give rise to a broad resonance centered at -7.2 ppm which display a 300 MHz T 1 (min) value of 21 ± 3 ms at 243 K, supporting the nonclassical interaction between the hydrogen atoms coordinated to the metal center also in solution. The presence of only one resonance for the inequivalent dihydrogen ligands indicates that they are involved in a thermally activated exchange process. Thus, at 203 K, decoalescence occurs and at temperatures lower than 193 K two broad resonances centered at -3.6 and -11.0 ppm are clearly observed. According with these data, the estimated activation energy (ΔG ‡ ) for the exchange is 8.3 kcal·mol -1 , which may be related to the activation energy for the oxidative addition of H(01)-H(02) to the metal center to afford a dihydride-dihydrogen intermediate. This type of species could change the position of the hydrogen atoms coordinated to the osmium atom by combining both proton transfer and dihydride-dihydrogen tautomerization processes (Scheme 5). Attempts to obtain a J H-D value were unsuccessful, which is common for L n MH m polyhydrides where m > 2. 2b The fluxionality in polyhydrides, which makes the measurement impossible, is a complex problem. 1 It could involve the conversion dihydride -dihydrogen as in complex 2, a change in the geometry of the complex without modifying the interactions in the MH m units, position exchanges of hydrogen atoms in a concerted manner due to the high mobility of hydrogen atoms in the coordination sphere of the metal 15 or proton transfer. In contrast to the 1 H NMR spectrum, the 31 P{ 1 H} NMR spectrum is temperature invariant. In agreement with the presence of equivalent phosphines, it shows a singlet at 13.9 ppm. In the 13 C{ 1 H} NMR spectrum the most noticeable feature is a triplet ( 2 J C-P = 10.7 Hz) at 150.5 ppm due to the metalated carbon atom C(1) of the chelate ligand. The protonation of 1 is a reaction that depends upon the conjugated base of the used Brønsted acid. In contrast to HBF 4 ·OEt 2 , triflic acid (HOTf) affords H 2 and the neutral compressed dihydride Os(H···H){κ 2 -C,N-(C 6 H 4 -py)}(OTf)(P i Pr 3 ) 2 (3). The addition of the proton of the acid to one of the hydride ligands of 1 initially gives 2, which subsequently undergoes the displacement of the Kubas-type dihydrogen by the triflate anion and the elongation of the elongated dihydrogen. Complex 3 was isolated as a yellow solid in 87% yield, according to Scheme 6, and characterized by X-ray diffraction analysis. Figure 2a shows a view of the structure of the molecule, which resembles that of 2 with the triflate anion in the position of the Kubas-type dihydrogen and the coordinated hydrogen atoms H(01) and H(02) separated by 1.41(7) Å. Thus, the coordination polyhedron around the osmium atom can be rationalized as a distorted pentagonal bipyramid with the phosphines in apical positions (P(1)-Os-P(2) = 166.42(8)º) and the triflate anion situated in the perpendicular plane forming an O(1)-Os-C(1) angle of 161.2(2)º with the metalated carbon atom of the orthometalated phenylpyridine ligand. The DFToptimized structure confirms that the replacement of the Kubas-type dihydrogen of 2 by the triflate anion produces a significant separation between H(01) and H(02). Thus, the value obtained for 3 of 1.352 Å is 0.363 Å longer than the obtained one for 2. The elongation is also supported by the 1 H NMR spectrum in dichloromethane-d 2 , which shows a triplet ( 2 J H-P = 10.6 Hz) at -7.04 ppm for the coordinated hydrogen atoms. According to their nonclassical nature, this resonance exhibits a 300 MHz T 1 (min) value of 28 ± 1 ms, at 213 K, which allows to calculate a separation between H(01) and H(02) of 1.25 Å, 16 although slightly shorter than those obtained by Xray diffraction analysis and DFT-calculations, significantly longer than the H(01)-H(02) bond length in 2. The 31 P{ 1 H} NMR spectrum shows a singlet at 7.6 ppm, in agreement with the equivalence of the phosphines. In the 13 
C{
1 H} NMR spectrum, the metalated carbon atom C(1) displays a triplet ( 2 J C-P = 5.5 Hz) at 158.8 ppm. Atoms in Molecules (AIM) and Natural Bond Orbitals (NBO) methods have revealed that the Os-C NHC bond in the cations shown in Scheme 3 has a significant π-contribution due to the π-acceptor ability of the p z orbital at the C NHC atom.
11d As a consequence of the remarkable π-backdonation to C NHC , the backdonation of the metal center to the hydrogen molecule situated trans to C NHC decreases, whereas the σ-donation of the coordinated H-H bond to the osmium is stimulated, increasing the polarization of the bond and therefore the Brønsted acidity of the coordinated molecule. 17 Thus, cations
+ display acidities similar to phosphoric acid and organic compounds such as bromoacetic acid or chloroacetic acid, which allow the protonation of acetone. In this solvent, the cations reverse to the trihydrides
The nitrogen atom of pyridine does not show the π-acceptor ability of C NHC . Thus, in contrast to [Os(κ 2 -C aryl -C NHC )(η 2 -H 2 ) 2 (P H} NMR spectrum shows a singlet at 6.1 ppm, for the equivalent phosphines. In the 13 C{ 1 H} NMR spectrum, the resonance corresponding to the metalated carbon atom of the C,N chelate ligand appears at 154.4 ppm as a triplet with a C-P coupling constant of 7.1 Hz. (6) . 18 The reaction, which can be rationalized according to Scheme 8, is consistent with the marked ability of the orthometalated 2-phenylpyridine group to form compressed dihydride species. According to this ability, the displacement of the Kubas-type dihydrogen of 2 by an acetonitrile molecule should give a compressed dihydride intermediate analogous to 4, which could evolve by reductive elimination of 2-phenylpyridine. 4 The trapping of the resulting H} NMR spectra the resonance due to the metalated carbon atom of the C,N-ligand is observed as a doublet ( 2 J C-P = 13.6 Hz) at about 159 ppm. A straightforward procedure for the preparation of polyhydride complexes of platinum group metals, which has proved to be particularly useful in the osmium chemistry is the alcoholysis of tetrahydrideborate derivatives. These compounds are generally generated in situ, by replacement of a chloride ligand by a [BH 4 ] -group. 19 The procedure has been also successful in this case. At room temperature, the treatment of toluene solutions of the chloride-acyl-NHC complex OsCl{κ
Scheme 7. Reaction of Complex 2 with Acetone
Pr 3 ) 2 (9) with 10 equiv of NaBH 4 and subsequently with methanol added drop by drop leads to the wished trihydride OsH 3 {κ 2 -C,C-[C(O)CH 2 ImMe]}(P i Pr 3 ) 2 (10), which was isolated as a white solid in 42% yield (Scheme 10).
Scheme 10. Synthesis of Complex 10.
Complex 10 was characterized by X-ray diffraction analysis. Figure 4a gives a view of the molecule. The coordination geometry around the osmium atom can be described as a distorted pentagonal bipyramid with axial phosphines (P(1)-Os-P(2) = 169.433(19)º). The metal coordination sphere is completed by the hydride ligands, separated by 1.58(4) (H(01) and H(02)) and 1.77(3) (H(02) and H(03)) Å, and the carbon atoms of the acyl-NHC group, which act with a C(1)-Os-C(6) bite angle of 77.30(8)º. The Os-NHC and Os-acyl distances of 2.086(2) (Os-C (1)) and 2.115(2) (Os-C(6)) Å, respectively, compare well with those previously reported for other Os{κ 2 -C,C-[C(O)CH 2 ImMe]}-complexes. 14 The classical trihydride nature of the complex was confirmed by the DFT-optimized structure (Figure 4b ), which affords separations between the hydrides of 1.734 and 1.778 Å. H} NMR spectrum contains a singlet at 29.9 ppm. In the 13 C{ 1 H} NMR spectrum, the C(1)-NHC and C(6)-acyl resonances are observed at 188.9 and 255.9 ppm, as triplets with C-P coupling constants of 6.4 and 7.9 Hz, respectively. The 1 H NMR spectrum at 183 K shows three high-field resonances centered at -8.1, -10.9 and -11.2 ppm, in a 1:1:1 intensity ratio, as expected for three inequivalent hydride ligands. The signals at -10.9 and -11.2 ppm coalesce between 203 and 213 K to afford a broad signal. The latter coalesces with the resonance at -8.1 ppm, between 283 K and 293 K, to yield only one hydride resonance at temperatures higher than 293 K. This behavior indicates two thermally activated site exchange processes involving to H(01) and H(02) and the latter with H(03), which occur with activation energies of about 9.7 kcal·mol -1 and 12.5 kcal·mol Isomer 12a is the kinetically controlled product, while isomer 12b is the most stable. Thus, after 12 h, it is the main species in solution. Characteristic spectroscopic data of 12a are: the OsH 3 -resonance in the 1 H NMR spectrum, which appears at -6.2 ppm, as a broad signal, and displays a 300 MHz T 1 (min) value of 10 ± 1 ms, at 203 K, and a singlet at 15.2 ppm in the 31 P{ 1 H} NMR spectrum due to the equivalent phosphines. In contrast to 12a, the hydride-dihydrogen unit of 12b originates two resonances in the 1 H NMR spectrum, a broad signal at -5.44 ppm corresponding to the coordinated hydrogen molecule and a triplet ( 2 J H-P = 21.9 Hz) at -6.08 ppm due to the hydride ligand. The first of them shows a 300 MHz T 1 (min) value of 14 ± 1 ms, whereas the 300 MHz T 1 (min) value of the second one is 266 ± 13 ms. Both values were obtained at 223 K. In the 13 C{ 1 H} NMR spectrum, the CO resonance is observed at 182.1 ( 2 J C-P = 9.8 Hz) ppm, whereas the signal due to the metalated carbon atom of the NHC ligand appears at 163.1 ( 2 J C-P = 8.3 Hz) ppm. A singlet at 31.4 ppm in the 31 P{ 1 H} NMR spectrum is also a characteristic feature of this species.
NHC carbene ligands are recognized as powerful tools in organometallic and catalysis, due to their robustness. 20 However findings reported in recent years reveal that they can undergo degradation via σ-bond activation reactions on their substituents. 21 The transformation of 11 into 12 constitutes a new evidence in this line. The cleavage of C-C bonds is the less frequent among the metal-mediated σ-bond activation processes. One of the driving forces to promote the reaction is the stabilization of the resulting metal species by chelate effect. 7e,22 In this context it should be noted that in contrast to the general trend the C-C cleavage that transforms 11 into 12 implies the rupture of a chelating system.
Scheme 11. Protonation of Complex 10
Once the basicity of the acyl oxygen atom has been neutralized, the hydride ligands are susceptible to being protonated. Thus, the addition of a second equivalent of HOTf to di- -anions (Scheme 12).
Scheme 12. Preparation of Complex 13
Complex 13 was isolated as a white solid in 76% yield and characterized by X-ray diffraction analysis. The structure has two chemically equivalent but crystallographically independent cations in the asymmetric unit. Figure 5a shows a drawing of one of them. As expected for a saturated d 6 species, the geometry around the osmium atom can be rationalized as a distorted octahedron with trans-phosphines (P1-Os(1)-P(1A) = 168.55(9)º and 167.04(10)º). The perpendicular plane is formed by the chelate hydroxycarbene-NHC ligand, which acts with C(1)-Os(1)-C(6) bite angles of 79.4(5)º and 79.6(5)º, the coordinated hydrogen molecule situated trans to the NHC carbon atom C(1), and the triflate anion disposed trans to the hydroxycarbene carbon atom C(6) (O(2)-Os(1)-C(6) = 169.8(4)º and 166.9(4)º). The Os(1)-C(1) distances of 2.093(10) and 2.087(10) Å compare well with those previously reported for other Os-NHC complexes, 23 whereas the Os(1)-C(6) bond lengths of 1.900(12) and 1.919(12) Å support the Os-hydroxycarbene formulation. 24 The H(01)-H(02) bond lengths of 0.9(1) and 1.0(1) Å are about 0.35 Å shorter than the separation between H(01) and H(02) in the related phenylpyridine complex 3 and suggest a Kubas-type character for the dihydrogen, which was confirmed by the DFT-optimized structure (Figure 5b) . In good agreement with the X-ray diffraction analysis, the DFT calculations yield a H-H distance of 0.853 Å. In the 1 H NMR spectrum, in dichloromethane-d 2 , the coordinated hydrogen molecule displays a broad signal centered at -3.36 ppm. According to a Kubas-type dihydrogen nature, the H-D coupling constant in the partially deuterated species is 29.7 Hz, which allows us to calculate a H-H distance of 0.92 Å. 25 The 13 C{ 1 H} NMR spectrum is consistent with the presence of the hydroxycarbene-NHC ligand in the complex. Thus, it contains triplets at 260.1 ( (14), as a result of the methylation of the acyl group. Complex 14 was isolated as a white solid in 58% yield and characterized by X-ray diffraction analysis.
Scheme 13. Synthesis and Protonation of Complex 14
Figure 6a shows a view of the cation of 14. The coordination geometry around the osmium atom can be rationalized as a distorted pentagonal bipyramid with axial phosphines (P(1)-Os-P(2) = 158.87(2)º) whereas the hydride ligands, separated by 1.52(2) (H(01) and H(02)) and 1.69(3) (H(02) and H(03)) Å, and the methoxycarbene-NHC group, which acts with a C(1)-Os-C(6) bite angle of 77.10(8)º, lie in the perpendicular plane. The Os-NHC and Os-methoxycarbene bond lengths of 2.102(2) (Os-C (1)) and 2.003(2) (Os-C(6)) Å, respectively, compare well with the related parameters of 13. The classical trihydride nature of this complex was confirmed by the DFToptimized structure (Figure 6b ), which yields separations between the hydrides of 1.634 and 1.769 Å. In agreement with 11, the high field region of the 1 H NMR spectrum of this trihydride, in dichloromethane-d 2 , shows a triplet ( 2 J H-P = 15.6 Hz) at -8.74 ppm, which displays a 300 MHz T 1 (min) value of 64 ± 3 ms at 223 K. Although a broadening of this resonance is observed lowering the sample temperature, decoalescence is not observed until 183 K. In the 13 
C{
1 H} NMR spectrum, the alcoxycarbene C(6) and NHC C (1) (15), a methoxycarbene counterpart of 13, which was isolated as white solid in 51% yield. As expected, the spectroscopic data of 15 and 13 are very similar. Thus, the 1 H NMR spectrum of 15, in dichloromethane-d 2 , shows the dihydrogen resonance at -3.25 ppm, which displays a 300 MHz T 1 (min) value of 10 ± 1 ms, at 213 K, whereas the H-D coupling constant in the partially deuterated species is 30.0 Hz. These data are consistent with a H-H distance of 0.93 Å, 25 which agrees well with that obtained by DFT calculations for the optimized structure (0.851 Å). In the 13 
1 H} NMR spectrum, the resonances corresponding to the metalated carbon atoms of the C,C-donor ligand appear at 261.7 and 167.3 ppm as triplets with C-P coupling constants of 7.6 and 8.3 Hz, respectively. The 31 P{ 1 H} NMR spectrum shows a singlet at 17.9 ppm for the equivalent phosphines.
CONCLUDING REMARKS
There are groups so-called spectator ligands that subtly govern the electron density of the metal, but have not a direct participation in the reactions of polyhydrides of platinum group metals. In spite of the thin borderline between Kubastype dihydrogen and elongated dihydrogen, it is possible to govern the bis(Kubas-type dihydrogen) or Kubas-type dihydrogen-elongated dihydrogen nature of OsH 4 -species with this type of groups. As a proof of concept, here we show that the replacement of the C aryl C NHC + , the reactivity of the new cation reveals a bis(Kubas-type dihydrogen) character for the Os(η 2 -H 2 ) 2 unit. The initial protonation of the L-L group reduces its basicity and as a consequence the π-back bonding from the metal to the σ*(HH) orbital, which favors the Kubas-type dihydrogen with regard to an elongated dihydrogen.
In conclusion, the nature and formation of Os( . Coupling constants J and N are given in hertz. Infrared spectra were recorded on a PerkinElmer Spectrum 100 spectrometer as solid films obtained using the attenuated total reflectance (ATR) technique. C, H, N and S analyses were carried out in a Perkin-Elmer 2400 CHNS/O analyzer. Highresolution electrospray mass spectra were acquired using a Micro-TOF-Q hybrid quadrupole time-of-flight spectrometer (BrukerDaltonics, Bremen, Germany). OsH 3 {κ 2 -C,N-(C 6 H 4 -py)}(P i Pr 3 ) 2 (1) 26 and 14 were prepared as previously described. . A solution of 1 (120 mg, 0.179 mmol) in dichloromethane (10 mL) was treated with HOTf (16 μL, 0.179 mmol) and stirred for 20 min at room temperature. After this time, the resulting solution was concentrated to ca. 0.5 mL. Diethyl ether (5 mL) was added to afford a yellow solid, which was washed with further portions of diethyl ether (3 x 2 mL) and dried in vacuo. Yield: 127 mg (87%). Alternatively, this compound can be prepared starting from complex 2: NaOTf (23 mg, 0.132 mmol) was added to a CH 2 Cl 2 solution (8 mL) of 2 (100 mg, 0.132 mmol). After stirring for 1 hour at room temperature, the resulting suspension was filtered through Celite to remove the sodium salts. The solution thus resulting was concentrated to ca. 0.5 mL, and diethyl ether (5 mL) was added to afford a yellow solid, which was washed with further portions of diethyl ether (2 x 2 mL) and dried in vacuo. Yield: 99 mg (92 % Reaction of [Os(κ 2 -C,N-C6H4-py)(η 2 -H2)2(P i Pr3)2]BF4 (2) with acetonitrile. A solution of 2 (100 mg, 0.132 mmol) in acetonitrile (10 mL) was stirred for 2 h at room temperature. After this time, the resulting solution was concentrated to ca. 0.5 mL. Diethyl ether (5 mL) was added to afford a white solid, which was washed with further portions of diethyl ether (3 x 2 mL) and dried in vacuo. Yield: 77 mg. 
Reaction of OsH

Reaction of [Os{κ
2
-C,N-(C 6 H 4 -py)}(η 2 -H 2 ) 2 (P i Pr 3 ) 2 ]BF 4 (2) with toluene. A suspension of 2 (100 mg, 0.132 mmol) in toluene (7 mL) was placed in a schlenk flask provided with a Teflon closure and was heated under reflux for 48 h. After this time, an aliquot of the resulting solution was taken and evaporated to dryness. The oily residue obtained was dissolved in 0. 2, 3, 7, 10, 13 and 14 . X-ray data were collected for the complexes on a Bruker Smart APEX DUO (2, 3, 7 and 10) or Bruker Smart APEX CCD (13, 14) diffractometers equipped with a normal or fine focus respectively, and 2.4 kW sealed tube source (Mo radiation, λ = 0.71073 Å). Data were collected over the complete sphere covering 0.3 o in ω at 100±2 K in order to minimize thermal vibration. Data were corrected for absorption by using a multiscan method applied with the SADABS program. 27 The structures were solved by Patterson or direct methods and refined by fullmatrix least squares on F 2 with SHELXL2016, 28 including isotropic and subsequently anisotropic displacement parameters. The hydrogen atoms were observed in the least Fourier Maps or calculated, and refined freely or using a restricted riding model. The hydrogen atoms coordinated to the metal center were located in the difference Fourier maps. However, its unrestricted refinement systematically ends with distances very close to the metal atoms (≈1Å), totally unreal. To avoid this, the osmium-hydrogen distances were fixed to the average value found in the Cambridge Crystallographic Data Base (DFIX facility, d(Os-H) = 1.59(1) Å), and they were allowed to pivot freely. The disordered groups or solvent molecules were refined with different moieties, restrained geometries, and complementary occupancy factors.
Structural Analysis of Complexes
13 was solved and refined in the monoclinic P2 1 and P2 1 /m space groups obtaining better results in the latter with two semi-molecules in the asymmetric unit. In this case the distances between the hydride ligands were forced to be the same in the two molecules.
Crystal data for 2: 
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